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Abstract 
The capillary tube is a common expansion device used in small sized refrigeration and air-conditioning systems 
located between the condenser and the evaporator, diameters ranging from 0.5 mm to 2.0 mm and lengths from 2 m 
to 6 m. Keeping in view the importance of capillary tube in low capacity refrigeration systems, it is increasingly 
important for the design engineers, in general, and the researchers, in particular, to be conversant with the flow 
behavior of refrigerants through the capillary tubes of different sizes and geometries. The flow of various 
refrigerants R-22, R-717, through different spiral capillary tube geometries were investigated. The main focus lies 
on the analysis of the various three-dimensional refrigerant flow behaviors in the capillary tube of different 
geometries, including effect of coiling and effect of oil in the refrigerants on the mass flow rate, pressure drop, and 
temperature and quality distribution along the tube by using a commercial code FLUENT V.6.3 for the simulation. 
The numerical results are compared with experimental results (S.G. Kim et al. / International Journal of 
Refrigeration 25 (2002) 521–531) and validated which will capable to simulating the flow and phase change in the 
capillary tube. 
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1. INTRODUCTION 
Computational fluid dynamics (CFD) is used 
extensively in the engineering field to provide 
designers and engineer’s further insight into design 
issues that may arise at various stages in the design 
process .CFD can be used as the sole means of 
analysis, or to complement additional analysis 
techniques and processes. Because of time and/or 
monetary considerations, we design engineers may 
choose to use CFD for all of the flow analysis. 
Similarly, it may in the best interest of the design 
engineers to collect both CFD and experimental data. 
This project involves collecting data from both CFD 
and capillary tube experiments. 
2. GEOMETRY MODELING USING 
SOLID WORKS 
In order to obtain CFD and Experimental results, the 
coiled capillary tube external geometry was modeled 
using Solid Works. Pre-existing capillary tube solid 
models similar to that of the capillary tube to be 
tested were investigated in order to find out if the 
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external geometry of M.K. Mittal was already 
available in a usable form. To be of any use, the 
capillary tube model must be available as a certain 
type of file that accurately conveys the capillary tube 
geometry, such as an IGES, ACIS, or STEP file. If 
these files already exist and are accessible, the 
experimenter may not need to reproduce the capillary 
tube geometry.  
 
 
 
Figure: 1 Spiral model designed in solid works 
3. MESH GENERATION 
GAMBIT offers state-of-the-art mesh generation 
technology in a powerful, yet easy-to-use interface. 
Extensive automation dramatically reduces meshing 
time for many applications. 
 
Figure: 3  Coiled step file imported in gambit 
 
Figure: 2  Mesh generated in gambit 
4. EXPERIMENTAL RESULTS 
The flow of R-22, R-717 inside the capillary tube 
becomes no adiabatic or diabatic when capillary tube 
is in thermal contact with compressor suction-line 
forming a counter- flow heat exchanger. For this 
reason, capillary tubes are often termed as capillary 
tube/suction-line heat exchangers. In the present case, 
for each capillary tube length, the initial 0.4 m and 
last 0.4 m capillary tube lengths are adiabatic. The 
remaining length of the capillary tube has been 
bonded with the compressor suction-line. Therefore, 
the difference between the total capillary length, L, 
and the bonded capillary length, Lhx, is always 0.8 m. 
However, the suction-line inlet superheat is not a 
controlled parameter in the present investigation. The 
variation in the suction line inlet superheat has been 
noted to be in the range of 0–19ºC. This compressor 
suction-line inlet superheat has an interfering effect 
on the refrigerant mass flow rate through the 
capillary tubes. The effect of capillary tube geometry, 
i.e., tube diameter, tube length, coil pitch and inlet 
sub cooling on the refrigerant mass flow rate through 
capillary tube have been investigated. 
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Figure: 4  variation of the mass flow rate of R-22 
with inlet sub cooling for the tube diameter 1.63 mm. 
 
 
Figure: 5  Variation of the mass flow rate of r-717 
with inlet sub cooling for the tube diameter 1.63 mm. 
The spiral capillary tubes show an increase in mass 
flow rate of R-22, R-717 with the rise in inlet sub 
cooling. The increase in mass flow rate is attributed 
to the increased liquid length for high inlet sub 
cooling. It is a known fact that the resistance to the 
flow of liquids is less than that for two-phase liquid–
vapor mixture or pure vapor. Hence, the refrigerant 
mass flow rate is more for higher length of single 
phase liquid region inside the capillary tube as in the 
case of high capillary inlet sub cooling condition. For 
spiral capillary tubes also, the mass flow rate of R- 
22&717 increases with the increase in tube diameter 
and with the reduction in the tube length. The reason 
for the increase in mass flow rate with the increase in 
tube diameter is attributed to the increased flow 
capacity of the capillary tube with the increase in 
capillary tube diameter. The increase in the mass 
flow rate with the decrease in capillary tube length is 
due to rise in flow capacity of the capillary tube with 
the reduction in capillary tube length. It has also been 
observed that the effect of tube length is significant at 
high capillary inlet sub cooling. Also, for 1.63 mm 
diameter tube, the effect of tube length is quite 
significant. The effect of coil pitch on the mass flow 
rate of R-717 is difficult to ascertain due to 
interfering effect of suction line inlet superheat. It is 
because of this, the refrigerant mass flow rate through 
spiral capillary tubes has gone beyond the mass flow 
rate through straight capillary tube in some of the 
curves. In fact an inverse relationship seems to exist 
between the suction-line superheat and the mass flow 
rate of R-717. The behavior of diabetic spiral tubes is 
entirely different from that of adiabatic spiral 
capillary tubes. In adiabatic spiral capillary tubes, the 
mass flow rates of R-717 through coiled capillary 
tubes are always lesser in comparison to those 
through straight capillary tubes. Further, the 
refrigerant mass flow rate increases with the increase 
in coil pitch. 
The mass flow rate of R-134a increases with the rise 
in capillary inlet sub cooling in for diabatic and 
adiabatic capillary tubes as well. However, the rate of 
rise in the refrigerant mass flow rate is more in case 
of adiabatic capillary tubes of both geometries. In 
other words, the effect of capillary inlet sub cooling 
is not as strong in diabatic capillary tubes as in the 
case of adiabatic capillary tubes. The increase in 
refrigerant mass flow rate in diabatic capillary tube is 
restricted by the effect of suction-line inlet superheat. 
The effect of capillary tube length and diameter on 
the refrigerant mass flow rate through diabatic 
capillary tubes is similar to that through adiabatic 
capillary tubes. It is a known fact that the flow 
capacity of a capillary tube increases with either the 
increase in tube diameter or with the reduction in 
tube in length. 
In adiabatic coiled capillary tubes, it can be clearly 
observed that the refrigerant mass flow rate increases 
with the increase in the coil pitch of the spiral 
capillary tubes. However, the effect of coil pitch from 
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the mass flow characteristics of spiral capillary tubes 
is difficult to ascertain from the chart. 
The effect of coil pitch on refrigerant mass flow rate 
in case of adiabatic coiled capillary tubes is clear and 
significant, i.e., with the rise in coil pitch the mass 
flow rate of R-1717 increases and it is the highest for 
straight capillary tube of same diameter and length. 
For diabatic capillary tubes, there is an interference 
of the effect of suction line inlet superheat on the 
refrigerant mass flow rate. In some test-runs, low 
suction-line inlet superheat has resulted in the 
refrigerant mass flow rate higher than that for the 
straight capillary tube. Further for certain test-runs 
having the high suction-line inlet superheat, the mass 
low rate of R-717 is lower through the tubes having 
higher coil pitch in comparison to that through the 
capillary tubes of low pitch. 
 
5. VALIDATION OF EXPERIMENTAL 
AND CFD RESULTS 
The described capillary tube model has been 
validated with numerical investigation by using the 
commercial CFD code FLUENT v.6.3 program for 
the simulation. As can be observed in resulting 
Figures the model has a good agreement for 
experimental results 
 
Figure 6 shows the variation of pressure drop over 
the length of the capillary tube. The result shows that 
there is no choke flow phenomenon was observed 
during the study because there was no large drop in 
pressure at the exit of the tube. The results show a 
good agreement between numerical and experimental 
 
Figure: 6  Variation of pressure over the length of 
the tube 
 
Figure 7 shows the variation of temperature 
distribution over the length of the capillary tube. The 
results show a good agreement between numerical 
and experimental results. 
 
Figure: 7  Variation of temperature over the length 
of the tube 
Figure 8 shows the variation of quality distribution 
over the length of the capillary tube. This figure 
shows the phase change behavior of refrigerant R-22 
in the capillary tube, starting from the sub-cooled 
liquid region from the entrance in which the quality 
X less than zero (Sub-cool), to the point in which the 
fluid reaches saturated conditions in which the 
quality X equal to zero, then a two-phase flow region 
in which the quality X greater than zero after that 
point until the end of the capillary tube. 
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Figure: 8  Variation of quality over the length of the 
tube 
6. CONCLUSIONS  
The model developed has been validated with the 
experimental results and presents reasonably well in 
the range of 0 to 10 percent. The results obtained 
from the model by varying the geometrical 
parameters of the capillary tube lead to the following 
conclusions: 
 The mass flow rate increases with increase 
of pitch. However, for a capillary tube of 
1.63 mm diameter and 2.4m length, the rise 
in mass flow rate is quite slow beyond a 
pitch of 20 mm. 
 On increasing the coil pitch, capillary tube 
length increases and the rising trend 
becomes monotonous beyond a pitch of 20 
mm for a capillary tube of 1.63 mm 
diameter and 2.4 m length. 
 The flow characteristics of R22 and R717 
are quite similar at the same condenser 
pressure and same degree of sub cooling. 
 The FLUENT.V 6.3 program is able to 
predict the behavior of the refrigerant flow 
with the phase change during the throttling 
process in the capillary tube. In general, a 
good agreement between numerical and 
experimental results has been observed. No 
choke flow phenomenon was observed at the 
exit of the tube because there was no large 
drop in pressure occurs in the tube. 
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